Organic peroxides are a kind of very hazardous substance because they are capable of self-decomposition when being heated or exposed to the sunlight. In present paper, the thermal hazard of tert-butyl hydroperoxide (TBHP) has been investigated by using accelerating rate calorimeter (ARC). On the basis of experimental results, kinetic parameters of exothermic reaction of TBHP under adiabatic condition is estimated, and the thermal hazard parameters, such as the initial adiabatic decomposition temperature, the adiabatic temperature rise, the maximum temperature rise rate and molar reaction heat under real adiabatic condition are obtained through the correction using the thermal inertia factor ( ). The results reveal that TBHP has a relative better thermal stability and its initial exothermic decomposition temperature is 69.50 under the adiabatic condition. But with the reaction temperature increasing, decomposition of TBHP occurs rapidly and becomes uncontrollable. 
Introduction
Organic peroxides are a kind of very hazardous substance because they are highly flammable, extremely reactive and toxic. In production practice, the companies engaged in producing, handing and storing the organic peroxides are likely to suffer fire and explosion accidents.
Tert-butyl hydroperoxide (TBHP) is a kind of commonly used organic peroxide and its molecular structure is shown in Fig 1. The pure TBHP is a kind of colorless transparent liquid, whose melting point is -13 , boiling point is 90
(760 mmHg), flashing point is 12.812 (closed cup) or 18.31 (open cup), active oxygen content is 17.75%, half life decomposition temperature is 264
(1 min) or 172 °C (10 h). TBHP can be mixed with the common organic solvent, and it is explosive and sensitive in varying degrees to heat and shock. When contact with acids, a violent decomposition will occur. TBHP is mainly used as the initiator in the polymerization reaction and the cross linking agent for the unsaturated polyester. Besides, it is widely used in the fields of emulsion polymerization, raw natural rubber vulcanizing and paint. Recently explosion accidents with regards to TBHP have been reported. One case is that, at March 14, 2007, a TBHP explosion happened in a chemical Lab in YiXiang Chemicals Company Limited located in Hunan province Liuyang City, and caused two dead and four injured. Hence, the explosion hazard of TBHP is desired to be focused on. Though TBHP is used commonly in many fields, there are few studies on the thermal stability of TBHP, and we only find one report about the thermal stability of tert-butyl hydroperoxide-acid mixtures under adiabatic conditions [1] .
In this paper, the thermal explosion hazard of pure TBHP was investigated by accelerating rate calorimeter (ARC), and the thermal hazard data and decomposition characteristics of TBHP have been obtained.
Experimental

Reagent
Tert-butyl hydroperoxide (TBHP) was purchased from Sinopharm Chemical Reagent Shanghai Co., Ltd. and then stored in a refrigerator at 4 .
Apparatus and test conditions
The accelerating rate calorimeter (ARC) has been used widely for estimating the explosion characteristics of some organic peroxides [2] [3] [4] [5] [6] . In this study, a NETZSCH Co., Ltd accelerating rate calorimeter (ARC) using a 1 / 4 -in. stem titanium bomb with a 316 stainless steel clip, and with a thermocouple clip located on the bottom of the bomb was used. C vb of the bomb and C vb of the clip are both 0.12 cal/(g· ).
The sample was placed in a titanium bomb, sealed in air atmosphere, initially heated to 50 °C, and then equilibrated for 30 min, followed by a 15 min seek for an exothermic signal, which can be detected if the self heat rate > 0.02 /min. If the exothermic signal wasn't detected, then the temperature was increased by 5 with the subsequent repetition of the heatwait-seek (H-W-S) periods. This H-W-S mode continued until to the decomposition of TBHP completed.
Data of sample and bomb in the experiment are listed in Table 1 . The obtained data have been analyzed with professional software. 
Results and discussion
Data analysis
The measured data and curves of test for TBHP are given in Figs 2-6 and Table 2 . Fig 2 shows the change tendency of temperature and pressure vs. time for TBHP during the test. The measured results reveal that, after four H-W-S periods, the self-decomposition reaction (SDR) of TBHP starts to take place at 70. 48 and lasts for 816.06 min, during which the temperature and pressure rise rates keep a rising tendency and increase abruptly at about a reaction time of 764 min, and the measured data reveal that the temperature rise rate (TRR) and the pressure rise rate (PRR) are 165.33 /min and 1205.37 kPa/min, respectively. The high TRR and PRR indicate that the released energy will be very great and may cause dangerous accident if the decomposition of TBHP occurs uncontrolled in a confined space. The variation of temperature vs. pressure is shown in Fig 3, which reveals that the reaction system pressure has two different change tendency stages and the turning point is at 145 . When the temperature is below the 145 , the pressure rise rate increases slowly, which may be caused by the follow reasons: one is the pressure of air in the bomb increases slowly with increasing temperature; the other is that there may be a small amount of gas products such as methane and acetone produced by the slow decomposition of TBHP below 145 . While when the temperature exceeds 145 °C, the pressure rise rate increases suddenly, and the reason may be that TBHP decomposition occurs rapidly and produce large amount of gas products when the temperature exceeds 145 . Fig 4 is the variation tendency of self heat rate (SHR) vs. reaction temperature. The result reveals that when the reaction temperature is below 145 , the SHR of TBHP decomposition rises slowly from the initial SHR of 0.022 /min (at 70.48 ) to 10.914 °C/min (at 145 ). But when the reaction temperature exceeds 145 , the SHR increases rapidly from 10.914 °C/min to the maximum SHR rate of 165.33 °C/min (at 163.03 ), which means that if the decomposition reaction of TBHP occurred below 145 has not been controlled, it will become uncontrollable and may result in a great disaster.
For an nth-order reaction with a single reaction, the SHR of adiabatic system can be expressed as the following:
where m T is the SHR at arbitrary temperature T of adiabatic system; k is the rate constant; k = Aexp(-E a /RT); A is the preexponential factor; E a is the apparent activation energy; R is the gas constant; T ad is the measured adiabatic temperature rise; T f is the measured final decomposition temperature; T 0 is the measured initial decomposition temperature; n is the reaction order.
From the Equation (1), the rate constant can be expressed as the following
According to the Arrhenius equation
If the order of reaction is chosen properly, the plot of lnk vs. 1/T is expected to be a straight line, and then E a and A can be calculated from the plot. Fig 5 shows the plot of lnk vs. 1/T provided that the order of TBHP decomposition is one, and the curve presents a certain linear relationship. The linearity fitting results reveal that the apparent activation energy (E a ) and pre-exponential (A) are 68.33 kJ/mol and 3.45×10
19 min -1 , respectively. Fig 6 shows the change tendency of E a over the reaction temperature. The result indicates that the initial stage of TBHP decomposition needs very large E a , likewise, when TBHP concentration becomes very low, E a of the reaction also becomes very large, and then changes irregular. 
Data correction
Under real experimental condition of ARC, heat from the exothermic reaction of the sample rises the temperature of both sample and reaction bomb. The relationship between real adiabatic and pseudo adiabatic condition is as follow.
where M s is the mass of the reactive sample, C v,s is the heat capacity of reaction sample, M b is the mass of the reaction bomb, C v,b is the heat capacity of reaction bomb, M c is the mass of clip, C v,c is the specific heat of clip, m T is the self-heat rate of the reaction system including the reactive sample and the reaction bomb. Hence, in order to obtain the data under the absolute adiabatic condition, it is necessary to correct the tested temperature parameters such as the adiabatic temperature rise, temperature rise rate, the time of maximum temperature rise rate and so on using the thermal inertia factor ( ), which is defined as follow:
The corrected equations for some temperature parameters are as follows [3, 7] .
(9) (10)
where T o,s is the corrected initial decomposition temperature, T o is the measured initial decomposition temperature; T f,s is corrected final decomposition temperature, T f is measured final decomposition temperature; T ad,s is the corrected adiabatic temperature rise, T ad is the measured adiabatic temperature rise; m o,s is the corrected initial temperature rise, m o is the measured initial temperature rise; m m,s is the corrected maximum temperature rise, m m is the measured maximum temperature rise; T m,s is the corrected temperature of maximum temperature rise rate, T m is the measured temperature of maximum temperature rise rate; m,s is the corrected time of maximum temperature rise rate, m is the measured time of maximum temperature rise rate. The thermal decomposition data of TBHP corrected with are listed in Table 2 , from which we find that has great effects on the final decomposition temperature, adiabatic temperature rise, maximum temperature rise rate, temperature of maximum temperature rise rate and time of maximum temperature rise rate, etc. For example, the observed adiabatic temperature rise, maximum temperature rise rate and temperature of maximum temperature rise rate for TBHP decomposition are 130.07 °C, 165.33 °C·min -1 and 163.03 °C, but they are 677.66 °C, 861.37 °C·min -1 and 551.69 °C respectively after modification by using . At the same time, the time of maximum temperature rise rate changes from 764.36 min to 146.71 min after correction, which means the TBHP decomposition will occur more quickly in the real adiabatic condition. In addition, the data analysis reveals that the molar reaction heat of TBHP under adiabatic condition is 184.50 kJ·mol -1 .
Conclusions
The thermal stability of TBHP has been investigated by using the ARC. The data from the ARC suggested that the initial exothermic temperature of TBHP is 69.50 °C under the adiabatic condition, which indicates that TBHP has a relative better thermal stability. But the experimental results reveal that if TBHP decomposition can't be controlled before a relative low temperature, the reaction will become uncontrollable and result in a fire explosion accident finally. So, if considering 80% safety margin, the environmental temperature, during the production, transportation and storage of TBHP, must be controlled at least under 55.6 °C to assure the safety.
